Nuclease activity was observed in several saprophytic and parasitic Mycoplasma organisms ; the nucleases of Mycoplasma laidlawii were studied in detail. Nuclease activity of this organism was highest a t the early logarithmic phase of growth, and was found mainly in the soluble fraction of the organisms. Anion-exchange chromatography of the proteins of the soluble fraction separated ribonuclease from deoxyribonuclease activity. Each enzyme had an alkaline pH optimum, required magnesium ions for activity, and degraded native and heat-denatured nucleic acids. M . laidlazvii RNase degraded RNA-core. RNA inhibited the degradation of DNA by M . laidlawii deoxyribonuclease. The implications of these findings with respect to the effects of RNA and DNA on growth of M . laidlazvii are discussed.
INTRODUCTION
Nucleic acid precursor requirements of several Mycoplasma organisms can be satisfied by a mixture of nucleosides (Razin, 1962; Razin & Cohen, 1963) , or by undegraded RNA and DNA (Razin & Knight, 1960) . The fact that mycoplasmas use RNA and DNA for growth led to the assumption that these organisms possess nuclease activity (Razin & Knight, 1960) . However, no information was then available about the presence of ribonucleases and deoxyribonucleases in Mycoplasma, apart from a short report by Plackett (1957) who found ribonuclease activity in extracts of Mycoplasma mycoides var. mycoides. The present investigation indicates widespread nuclease activity in Mycoplasma, thus explaining the results obtained in previous nutritional studies.
at 150,000 g for 90 min. Mycoplasma gallisepticum, which is relatively resistant to osmotic lysis (Razin, 1963) , was disrupted in an M.S.E. ultrasonic disintegrator (60 watt). Seven ml. of a heavy suspension of washed organisms in 0.01 Mphosphate buffer (pH 7-5) were treated at 1.5 amp. for 2-5 min. Cell debris was removed by centrifugation at 34,000 g for 40 min.; the supernatant fluid was kept at -20" until used.
Chemicals. Ribonucleic acid (Na salt from yeast) obtained from L. Light and Co. Ltd. (Colnbrook, Bucks,) was purified according to Frisch-Niggemeyer & Reddi (1957) . The purified material was dialysed, with constant stirring, for 24 hr under repeated changes of de-ionized water. Deoxyribonucleic acid (Na salt from thymus; L. Light. and Co.) was dissolved in de-ionized water and centrifuged to remove insoluble material. The DNA solution was then dialysed, with constant stirring, for 5 hr under repeated changes of de-ionized water. Solutions of purified RNA and DNA (10 mg./ml.) were kept at -20' until used. Highly polymerized deoxyribonucleic acid (from salmon sperm) was obtained from Mann Research Laboratories Inc. (New York 6, N.Y., U.S.A.). Pancreatic ribonuclease (RNase, 5x cryst.) was the product of theNutritional Biochemicals Corp. (Cleveland, Ohio, U.S.A.). Ribonucleic acid-core and bis-(p-nitropheny1)phosphate were obtained from the Sigma Chemical Co. (St Louis 18, Mo., U.S.A.). DEAE-Sephadex A-50 (medium) was purchased from Pharmacia (Uppsala, Sweden).
Assay of nuclease activity. For qualitative assay of nuclease activity the method of Jeffries, Holtman & Guse (1957) was used. Various amounts of RNA or DNA were added to molten Edward medium agar. The final concentration of nucleic acids in the medium ranged between 0-5 and 7 mg./ml. The medium was poured into Petri dishes and drops of young broth cultures of test organism placed on the surface of the solidified agar. After incubation a t 37" for 5 days the plates were flooded with N-HC~. The presence of nuclease activity was indicated by a clear zone in and around the growth region. Areas without nucleic acid hydrolysis became cloudy.
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For quantitative measurement of nuclease activity the method described by Eaves & Jeffries (1963) was used. The typical reaction mixture was composed of 3 ml. 0.4 M-tris buffer (pH 8.8) containing 0.04 ~-Mgcl,.6H,O; 2-4 d. 0.25 MNaCl or de-ionized water; 4.2 ml. washed suspension of organisms or cell-free extract; 1.2 ml. RNA or DNA solution (10 mg./ml.); 1.2 ml. of thallium acetate solution ( 5 mg./ml.) was added to prevent microbial growth. The proportion of the components of the reaction mixture was kept constant when the total volume of the mixture was decreased. Experiments with washed organism or cell-free extracts were made in 100 ml. Erlenmeyer flasks which were shaken in a 37" water bath. The nuclease activity of fractions eluted from the Sephadex column was assayed in test tubes incubated statically at 37". Two ml. samples of reaction mixture were removed at various times, and the enzyme reaction stopped by adding 0-5 ml. of 0.75y0 (w/v) uranyl acetate in 25% perchloric acid. The test tubes were shaken, placed for 10 min. in an ice bath and centrifuged at 10,000 g for 10 min. a t 5". The supernatant fluids were separated and 0.5ml. of each was diluted with 3.5ml. de-ionized water; the extinction at 260 mp was measured against de-ionized water in a 'Unicam SP 500' spectrophotometer. Corrections were made for the extinction of controls containing all components of the reaction mixture save washed organisms or cell-free extracts, and for mixtures without RNA and DNA. Nuclease activity was expressed either by the net increase in extinction at 260 mp during a given period of time, or by units calculated by dividing the increase in extinction a t 260 mp by mg. protein/ml. the reaction mixture.
Proteinase and phosphodiesterase activity in fractions eluted from the Sephadex column were tested as described by Eaves & Jeffries (1963) . Casein served as substrate for proteinase assay and bis(p-nitropheny1)-phosphate for phosphodiesterase assay, Anion-exchange chromatography. This technique was used to separate RNase from DNase in extracts of Mycoplasma laidlawii. The crude cell-free extract was adjusted to pH 5.5 with N-HCl, and ammonium sulphate was added to 0.8 saturation (561 g./l.). The solution was left overnight a t 4" and the resulting precipitate collected by centrifugation at 25,000 g for 1 hr a t 5". The precipitate was dissolved in 0-02 M-tris buffer (pH 8-1) and dialysed with constant stirring for 4 hr in the cold, against the same buffer. The buffer was changed several times during this dialysis. A granular precipitate which appeared in the dialysis bag was separated by centrifugation and discarded. The clear protein solution was then chromatographed on a DEAE-Sephadex A-50 (medium) column. Fractions were collected by a fraction collector and tested for RNase and DNase activity.
RESULTS

Occurrence of nuclease activity in various Mycoplasrna strains
The qualitative method for detecting nuclease activity described by Jeffries et al. (1957) yielded positive results with all the mycoplasma strains tested. Clear zones appeared in and around the regions of growth on Edward medium agar supplemented with RNA or DNA, after flooding with N-HCl. Both DNA and RNA were .degraded by suspensions of washed organisms of all Mycoplasma strains tested ( Table 1) .
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Localization of nuclease activity in M ycoplasma organisms
Cell-free extracts obtained by osmotic lysis of all three Mycoplasma laidlawii strains and M . bovigenitalium degraded RNA and DNA at a higher rate than washed organisms, as measured in units of enzyme activity. Nuclease activity, however, was found also in the washed cell-membranes (Fig. 1) . Separation of the ribosomal fraction of the cell-free extract by ultracentrifugation showed the nucleolytic activity to reside mainly in the soluble fraction ( Table 2) . An extract prepared by disrupting Mycoplasma gallisepticum with high-energy sound was also very active in degrading RNA and DNA. The nucleolytic activity of the extracts of M. laidlawii strains did not significantly diminish after storage for 8 months at -2 2 0 ' . The enzymic activity of the extracts was, moreover, little affected by repeated freezing and thawing.
Relation of nuclease activity to the age of the culture The nuclease activity of washed organisms and extracts of Mycoplasma laidlawii was highest in organisms harvested at the early logarithmic phase of growth. Activity towards RNA declined steeply with the ageing of the culture. The decline was less pronounced with DNA as substrate (Fig. 2) . Growth of M. laidlawii in
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Edward medium containing 0.5% (w/v) glucose was characterized by a very steep decline in viable count after reaching a peak of 3-5 x 109 viable particles/ml. at the end of the logarithmic period. This peak was usually reached after incubation for 16-18 hr. at 37'. The cultures were practically sterile after 96-120 hr. 
Separation of RNase from DNase activity in extracts of Mycoplasma laidlawii
Preliminary experiments with cell-free extracts of the three Mycoplasma laidlawii strains indicated that similar conditions were required for the degradation of RNA and DNA; degradation of both substrates was optimal at about pH 8.8. Ethylenediaminetetraacetic acid in a concentration as low as 0.0125 M, or prolonged dialysis of the extracts, completely abolished their nuclease activity, which was restored by magnesium ions. Both RNA and DNA degradation were similarly affected by heating the extracts. It therefore became plausible that M . laidlawii extracts contain a phosphodiesterase responsible for the degradation of both RNA and DNA. To test this the proteins of the cell-free M . Zaidlawii extract (oral strain) were concentrated by precipitation with ammonium sulphate and chromatographed on a DEAE-Sephadex A-50 column. This chromatography, however, separated RNase from DNase activity (Fig. 3) , thus disproving the hypotheses that RNA and DNA were degraded by a single enzyme; however, by this method complete separation of the two enzymes was not achieved. Fractions 10-19, carrying most of the DNase activity, were combined and used for testing the DNase properties, and
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fractions 21-28 were used for testing RNase properties. No detectable proteinase or phosphodiesterase activity was found in these fractions.
Properties of the DNme and RNase from Mycoplasma laidlawii (oral strain)
Optimal temperature. The combined fractions containing DNase activity and RNase activity were each tested for DNA and RNA degradation, respectively, a t various incubation temperatures. The optimal temperature for DNase activity was 3 7 ' ; that for RNase was 40' (Fig. 4) . Heat stability. The DNase and RNase fractions were heated for 10 min. at various temperatures. No significant difference was found in the heat stability of the two enzymes; both were practically inactivated by heating at 65' for 10 min. (Fig. 5 ) .
Optimal pH value. The optimal pH for both DNase and RNase activity was about pH 8.8 (Fig. 6) .
Magnesium requirement. Omission of magnesium from the reaction mixture completely abolished DNase and RNase activity. The optimal concentration of magnesium for the activity of both enzymes was found to be 0.01 M (Fig. 7) .
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Manganese ions were only slightly active or inactive in replacing magnesium, calcium ions were inactive.
Degradation of heat-denatured D N A and R N A . DNA (highly polymerized) and RNA were heated in boiling water for 10 min. and rapidly cooled in an ice bath to bring about permanent denaturation. The results summarized in Table 3 show that Table 3 shows that Mycoplasma laidlawii RNase degraded RNA-core. Pancreatic RNase was essentially non-active on this substrate, proving its purity.
Inhibition of Mycoplasma laidlawii DNase activity by RNA. RNA inhibited the degradation of DNA by M . laidlawii DNase, and this inhibitory effect increased with increasing concentration of RNA in the reaction mixture ( Table 4) . 
DISCUSSION
All Mycoplasma strains examined in the present work were capable of hydrolysing both RNA and DNA. Hence, nucleolytic activity seems to be of wide occurrence in this group of micro-organisms. The comparison of the nucleolytic activity of the various Mycoplasma strains (Table 1) is somewhat inadequate in that the organisms of the different strains were not always harvested at the same phase of growth. In the case of Mycoplasma laidlawii nuclease activity greatly depended on the time at which the organisms were harvested; this may also be true of other Mycoplasma strains. The nucleolytic activity of M . laidlawii was highest a t the logarithmic phase of growth and decreased steeply afterwards, paralleling the rapid death of the organisms. It is possible that the nucleases are released from the dead organisms into the surrounding medium like many other bacterial enzymes (Barker & Cannon, 1960) . In spite of the very similar conditions required for the hydrolysis of RNA and DNA by crude extracts of Mycoplasma laidlazuii, the nucleic acids were degraded by two different enzymes. This conclusion is based mainly on the separation of RNase from DNase activity by anion-exchange chromatography of the cell-extract proteins. The enzymes separated on the DEAE-Sephadex column, called ribonuclease and deoxyribonuclease, had several properties in common. Both had the same pH optimum (8.8) and both required magnesium ions for activity. The requirement of M . laidlawii RNase for magnesium is quite outstanding. Whereas a requirement for magnesium, or other divalent cations, is very common for deoxyribonucleases, it is most uncommon for ribonucleases, which are frequently inhibited by divalent cations (Anfinsen & White, 1961) . The ribonuclease of Nucleases of ill ycoplasrna 33 1 M. mycoides var. mycoides was inhibited by magnesium (Plackett, 1957) . The high pH optimum for both M . laidlawii nucleases is also remarkable. Most RNases from animal and microbial cells have a pH optimum of 7-8 while those from plant cells have an acid pH optimum (Anfinsen & White, 1961) . Phosphodiesterases of microbial and animal origin which degrade both RNA and DNA resemble the M . laidlazvii nucleases in having an alkaline pH optimum (8-9) and a requirement for divalent cations (Cunningham, 1959 Jeffries, 1963) . However, the specificity shown by the enzymes of M . laidlawii to RNA or DNA, and their inability to hydrolyse bis(p-nitrophenyl) phosphate, prevents their inclusion in the phosphodiesterase group. Mycoplasma laidlazuii RNase cannot be related to the polynucleotide phosphorylases, which also have an alkaline pH optimum and a requirement for magnesium ions (Grunberg-Manago, 1961) because i t degraded RNA in the absence of phosphate ions, which are essential for polynucleotide phosphorylase activity. Mycoplasma laidlawii RNase differs from pancreatic RNase in its ability to hydrolyse the portion of RNA (RNA-core) which is resistant to the action of the latter.
Of biological interest is the inhibition of Mycoplasma laidlawii DNase by RNA. RNA has been reported to inhibit DNA degradation by DNases of streptococci (Bernheimer & Ruffier, 1951) , Pseudomonas Jlumescens (Catlin & Cunningham, 1958) and Escherichia coli (Elson, 1959;  Lehman, Roussos & Pratt, 1962a, b) . Our special interest in this phenomenon harks back to previous nutritional studies, where high concentrations were found to inhibit growth of M . Zaidlawii in a partially defined medium (Razin & Knight, 1960) and this growth inhibition by RNA was relieved by adding more DNA to the medium. Razin & Knight (1960) suggested that the degradation of DNA by Mycoplasma is a prerequisite for its utilization, and that high RNA concentrations inhibit this enzymic degradation. Indirect evidence for this assumption was the annulment of RNA inhibition by the substitution of DNA by thymidine in the growth medium. The results obtained in the present study furnish more direct evidence for this explanation of growth inhibition by RNA in Mycoplasma.
